When years on testosterone therapy was added to the model, the relationship between transgender identity and Pap inadequacy was attenuated, but remained strongly associated (AOR=6.01, 95 % CI=3.00, 11.50), and time on testosterone was also associated (AOR= 1.19, 95 % CI 1.04, 1.36). FTM patients were more likely than females to have had multiple inadequate tests, and had longer latency to follow-up testing. CONCLUSIONS: The high unsatisfactory sample prevalence among FTM patients is likely due to a combination of physical changes induced by testosterone therapy and provider/patient discomfort with the exam. Clinicians should receive training in increasing comfort for FTM patients during the exam. FTM patients should be alerted that high rates of inadequate screening may require follow-up testing. Alternatives to repeated Pap testing, such as cytologic reprocessing of inadequate samples or primary human papillomavirus (HPV) DNA screening, should be studied for efficacy and acceptability among FTM patients.
INTRODUCTION
Female-to-male (FTM) transgender individuals, also known as transgender men, are persons born with female reproductive organs who identify as male. The majority of FTMs either do not undergo complete sex reassignment surgery or undergo total hysterectomy later in life, and therefore have a cervix for a substantial portion of their lives. 1 Therefore, cancers of natal reproductive organs, including the cervix, can still occur and have been documented. 2 The American College of Obstetricians and Gynecologists (ACOG) recommends that transgender men with a cervix follow the same screening guidelines as non-transgender females. 3 Although cervical cytology testing remains an important part of preventive health care for FTMs, Papanicolaou (Pap) tests can be challenging due to a disconnect between biological sex and gender identity; a desire to ignore the existence of natal reproductive structures; lack of awareness that the cervix is still present after supracervical hysterectomy; a frequent history of trauma; heightened anxiety about undergoing genital examinations; and a high incidence of nulliparity. [2] [3] [4] [5] [6] [7] [8] In addition, long-term intramuscular androgen administration induces vaginal atrophy 5, 7 that may make speculum insertion more painful and cause cervical epithelial atrophy that mimics dysplasia. 9 A qualitative study with six transgender men found that "gynecologic exams are often a unique time when extreme emotional conflict between self-perceptions and physical anatomy are heightened because of physical touch," suggesting unique barriers to screening in this population. 10 No data exist regarding the prevalence of cervical cancer or cervical cancer screening among transgender men.
Fenway Health (FH) is the largest community healthcare and research facility serving the needs of the lesbian, gay, bisexual, and transgender (LGBT) community in the greater Boston, Massachusetts area. 11 The current transgender patient population numbers approximately 1,000. Anecdotally, FH clinicians noticed a high incidence of unsatisfactory Pap test results in the FTM patient population. Unsatisfactory (or "inadequate") Paps are tests that cannot be evaluated by the laboratory due to a lack of sufficient cells or obscuring factors such as blood that render the test unreadable by the cytologist. The American Society for Colposcopy and Cervical Pathology (ASCCP) recommends rescreening of unsatisfactory Pap tests within 2 to 4 months. 12 Inadequate Pap tests have been shown to cause increased anxiety in non-transgender females, which is associated with lower likelihood of returning for a repeat test within the recommended time frame. 13 There is also evidence that non-transgender women with inadequate Pap tests are more likely to develop cancer, and that women diagnosed with cervical cancer are more likely to have had an inadequate Pap test in the past. 14, 15 Inadequate tests are thus of clinical significance. This study investigated whether the prevalence of inadequate Pap tests was higher among FTM compared to non-transgender female patients. We also examined correlates of unsatisfactory Pap tests and length of time between receiving an inadequate Pap and returning for a repeat test.
METHODS

Design and Procedures
An observational chart review study was conducted through query of the electronic medical record (EMR) to identify FTM patients (assigned a female sex at birth who identify as male, man, or genderqueer) and non-transgender female patients receiving Pap tests at FH. FH uses an electronic flag in the EMR to indicate patients engaged in the Transgender Health Program. Eligible patients were ages 21-64 and active patients at FH for at least a 1-year period between 1 January 2006 and 31 December 2012, defined as having at least two medical appointments at least 1 year apart. All cervical Pap tests performed on these patients for which a laboratory report was available, or for which a clinician entered results into the EMR after reading a laboratory report, were identified. Self-reported Pap results without a substantiating lab report were not included. A total of 8,009 Pap tests were identified from 3,858 unique patients. All Pap tests were evaluated with liquid-based cytology. The study was approved by the FH Institutional Review Board.
Measures
Data extracted from the EMR included: age (in years); race; HIV status; primary care provider; primary health insurance; dates of prescription of any testosterone medication; most recent weight; height; and dates of first and last medical visit and number of visits during the study period.
Data on Pap results and specimen adequacy were extracted from the EMR via electronic query. The query results were validated by reading a random sample of 300 lab reports and ensuring they matched the query results. Lab reports unable to be categorized by the query, and reasons for unsatisfactory tests were read and categorized manually.
Time on testosterone therapy was calculated by taking the difference between the date of the patient's last medical appointment before 31 December 2012 and the date they were first prescribed testosterone at FH. Charts were manually reviewed to capture data on transgender patients who came to FH with a history of hormone use and on non-transgender patients who only used testosterone therapy transiently.
Data Analysis
Data were extracted into a study database and analyzed with R statistical computing environment v. 2.15.2 and Microsoft Excel. Bivariate analyses examined proportional differences between FTM and non-transgender female patients using chisquared tests (χ2) for categorical variables, two-proportion z tests for binary variables, and Fisher's exact tests (cell sizes < 5). Two-tailed t-tests were used for comparisons using normally distributed continuous variables. A Mann-Whitney U test was used for variables with a non-normal distribution. A multivariable logistic regression model was fit with the primary outcome of having ever received an inadequate Pap test (yes/no). Also tested were differences between groups in reasons for unsatisfactory Pap tests and length of time after receiving inadequate Pap test before returning for another test. Table 1 presents characteristics of the FTM and nontransgender female patients. The two groups did not differ significantly by HIV status, health insurance status, or time in care at FH during the study period. FTM patients had a significantly higher mean number of medical visits (22.0 vs. 12.2) and were more likely to be prescribed testosterone (90.6 % vs. 0.2 %), as well as higher body mass index (BMI) (29.2 vs. 26.2), younger mean age (31.0 vs. 35.4 years), and a different racial distribution. To examine the effects of testosterone therapy, years on testosterone was added to the above model. The relationship Table 5 shows the proportion of FTM patients with at least one inadequate test by length of time on testosterone during the study period. This proportion was approximately 5 % for transgender men who had not taken testosterone or whose exposure was less than 6 months, and was approximately 20 % for transgender men who had taken testosterone for longer than 6 months.
RESULTS
Demographics
PAP RESULTS
Returning to Care After an Unsatisfactory Pap Test
Of those who received at least one inadequate Pap result (38 FTM patients and 93 female patients), FTM patients were somewhat less likely to return and re-test until receiving a satisfactory test (52.6 %; 20/38) than female patients (67.7 %; 63/93), but this difference was not statistically significant (p=0.153). Because transgender patients were significantly more likely to have multiple inadequate tests (see above), we also examined whether any individual inadequate test was followed by a re-test, regardless of the re-test's adequacy. Of 45 inadequate tests among FTM patients, 27 (60 %) of those tests were followed by the patient returning to care and receiving another test during the study period (unsatisfactory or satisfactory). Of 97 inadequate tests among female patients, 67 (69.0 %) were followed by the patient receiving another test (difference not statistically significant) ( Table 6) .
FTM patients were therefore approximately as likely as female patients to return for additional testing following an unsatisfactory test. However, the median number of days elapsed between an inadequate and a follow-up test was five times longer for FTM patients than for females, 418 days versus 80 days (p = 0.002). FTM patients were significantly less likely to return for any test within 1 year of an inadequate test (p=0.,01) and marginally less likely to return within 4 months (p=0.09), as recommended by ASCCP guidelines.
DISCUSSION
Disparities surrounding Pap adequacy for FTM compared to female non-transgender patients included: an 8.3 times higher inadequate test prevalence; a ten-fold increased odds of ever having an inadequate Pap after adjusting for demographic factors; a higher likelihood of multiple inadequate tests; and a longer latency to follow-up testing after an inadequate Pap. After adding length of time on testosterone therapy to the analysis, longer testosterone use and transgender identity were associated with Pap inadequacy. Unsatisfactory sample rates for non-transgender female patients were similar to those reported in the literature. For instance, the National Health Service in the UK reported an unsatisfactory Pap rate of 2.4 % during 2011-2012. 16 Data are not available at the national level in the U.S., but a sample of 197 laboratories using ThinPrep Paps reported a median unsatisfactory rate of 1.1 % in 2006 (Moriarty 2009). These data suggest that provider, laboratory, and organizational skills surrounding cervical cancer screening for non-transgender women are adequate, and that there is a disparity for FTM patients. Older age is a known predictor of Pap inadequacy and was also strongly associated in our study. 17, 18 Higher BMI was negatively associated with inadequacy, which is surprising, as performing a Pap on obese patients is often more difficult due to prolapse of the vaginal wall between the speculum bills which can impede visualization of the cervix. 19 Testosterone therapy, used by the majority of transgender patients in this study, alters body composition and waist and hip circumference, though impact on BMI is not clear. 20, 21 The relationship between BMI and fat composition is known to vary between males and females, 22 and it may be that BMI, a measure developed without transgender bodies in mind, may not be directly comparable between transgender and non-transgender patients. Importantly, after adjustment for all demographic variables, transgender identity remained strongly associated with Pap inadequacy.
It is possible to recalculate the proportion of Pap tests among transgender and non-transgender patients that are abnormal while looking only at evaluable samples (e.g., excluding all inadequate tests). Such an analysis would suggest that FTM patients are more likely to have negative Pap tests than female patients (93.2 %, n =345/370 compared to 87.3 %, n = 6546/7497; p <0.001). It is conceivable that FTM patients are at reduced risk of cervical abnormalities, as there is some indication that the testosteronized cervix is a less hospitable environment for persistent human papillomavirus (HPV) infection due to decreased turnover of cervical cells or changes to cellular receptors. [23] [24] [25] Alternatively, data show that non-transgender women with inadequate tests are more likely to later have abnormal Pap tests 15 , so FTMs may actually be at increased risk of abnormalities. We therefore caution against drawing any conclusions from the results of the evaluable tests, as the high prevalence of inadequate tests essentially constitutes "missing data" that differentially affects our ability to determine the true proportion of abnormal Pap tests among FTMs. Until evidence of elevated, reduced, or equal risk for cervical abnormalities is available, we concur with ACOG that FTM patients with a cervix should continue to follow the same screening guidelines as non-transgender females.
We speculate that the high unsatisfactory sample proportion among FTM patients is due to a combination of histological changes induced by testosterone and provider/ patient discomfort with the exam. As discussed in the introduction, long-term testosterone therapy administered intramuscularly (IM) induces vaginal and cervical atrophy that can alter Pap results and make the exam more difficult. 6, 9 Vaginal and cervical atrophy in post-menopausal women results in an elevated proportion of inadequate Pap tests and is ameliorated by short-course topical estrogen cream prior to the Pap; efficacy and acceptability of this treatment in FTMs should be investigated. 26 . FTM patients may also experience emotional distress during the genital exam, which may interfere with collection of an optimal sample. It was not possible to collect information on provider or patient discomfort from the EMR during this study, but the study team is currently conducting qualitative research to examine this further.
Reasons for unsatisfactory samples differed somewhat between FTM and non-transgender female patients. A lower proportion of unsatisfactory tests for FTM patients was obscured by blood, likely as a result of amenorrhea following testosterone therapy. A higher proportion was unsatisfactory due to scant cellularity, perhaps also due to testosteroneinduced changes to the cervical epithelium. The proportion of inadequate tests due to lubricant use was not higher among FTM patients; in fact, it was somewhat lower. Only carbomercontaining lubricant has been shown to interfere with Pap tests. 27 Non-interfering types of lubricant are not contraindicated, and should be used by providers to ease the exam for both FTM and non-transgender female patients. 28 The likelihood of eventually getting re-tested following an inadequate Pap was equivalent between the two groups, but the length of time that elapsed before receiving another Pap was much longer for transgender patients. Several transgender patients were told by their providers that unsatisfactory Paps were common for transgender men on testosterone therapy, and repeat Pap testing was not recommended until 12 months later; providers appeared more likely to recommend to female patients that they return for retesting within 2 to 4 months, as recommended by ACOG guidelines. The fact that both FTM and nontransgender female patients eventually return for re-testing at equivalent rates should reassure clinicians with concerns that Pap tests are sufficiently uncomfortable that transgender patients will not return to care. The mean number of medical visits completed by transgender patients during the study period was nearly twice that of non-transgender patients, which may be due in part to nursing visits for testosterone injection and quarterly to semi-annual blood work to monitor hormones. Providers should consider using this increased engagement in care to educate and encourage patients on the need for adequate cervical cancer screening follow-up. Additionally, FTM patients should be informed before undergoing a Pap test that they may have an unsatisfactory specimen and may need to return for additional testing. Although cell sizes were small, our data suggest that the effect of testosterone use on Pap inadequacy may begin at around 6 months of use. Providers should therefore encourage FTM patients to undergo baseline Paps before or shortly after initiating testosterone if they have not been recently screened. Provider training should focus on acquiring the technical skill to perform adequate cervical sampling in a variety of challenging circumstances, and on facilitating comfort during the pelvic examination for diverse populations of patients, including transgender men. 19 For FTM patients who desire hysterectomy, total hysterectomy is preferable to supracervical hysterectomy, as this procedure obviates the need for Pap tests.
Limitations of this single-site, retrospective chart review include not being able to collect information to support or disprove our speculation that patient or provider discomfort with the exam affected sampling technique. A qualitative study with providers to understand their confidence and technique during exams with transgender men is currently being conducted, as is a qualitative study with transgender men to understand their experiences with Paps. Concerning the analysis of follow-up care, it was not possible to ascertain whether a patient went to another facility for a Pap unless the cytology report was shared with FH. Length of time on testosterone was estimated by assuming continuous use after it was first prescribed, even though many FTMs may have interruptions in therapy.
Alternatives to repeated cervical cytology should be investigated for efficacy and acceptability in screening for cervical cancer among transgender men, given what appears to be a reduced efficacy of Pap tests in this population and a higher prevalence of repeat inadequate tests. The efficacy of cytologic reprocessing, shown in one study to obtain a result in 40 % of unsatisfactory cervical samples collected from non-transgender women, should be investigated for FTMs to reduce the need to repeat what can be a particularly challenging exam. 29 Human papilloma virus (HPV) DNA testing has also been shown to be a better approach than repeated Pap tests in resolving unsatisfactory results. 30 HPV DNA testing should be investigated as a potentially patient-centered and clinically effective method of primary cervical cancer screening for transgender men. Use of stand-alone HPV DNA testing for primary cervical cancer screening has been studied in non-transgender women, and has been found to have some advantages, including increased sensitivity with only slightly reduced specificity. 31 Until alternative strategies can be tested, it is particularly important that age-eligible FTM patients be a priority population for HPV vaccination for mitigation of cervical cancer risk.
